Indices of Forest Harvest Disturbance

Methods
Study Site
The study site on which this research took place is a typical 
Results And Discbssion
Arca Within Each Soil Disturbance Class
The differences between wet-versus dry-weather timber harvest disturbance are shown by the disturbance classes detected within each treatment and by the percentage ofarea that was classified in each soil disturbance class (Preston 1996). Wet-weather harvesting causes disturbances ranging from undisturbed (SDO) to churned (SD4). while dry-harvest areas weredisturbed bycompaction ( 
Soil Disturbance Class and Static Soil Properties
In general, the soil disturbance classes were good indicators ofchange in relatively static soil physical properties such as bulk density, saturated hydraulic conductivity, and macropore space (Table 1) . As soil disturbance class increased (became more severe), bulk density increased and saturated hydraulicconductivity and macroporosity decreased. On wet-harvested areas, compaction (SDI) increased bulk density from 1.26 to 1.44 Mg/m3, saturated hydraulic conductivity dropped from 8.9 to 1.6 cmlhr, and macroporosity dropped from 13.0 to 7.9%. Additional disturbance (SD2, SD3, and SD4) had no further effect on these properties. The same trend held true for total and micropore space and roughness coefficient, but the differences were not significant. Saturated hydraulic conductivity values dropped from 3-to 8-fold, indicating greatly impeded soil drainage. Aeration porosity was reduced below 10% by all disturbance types, a level associated with inadequate soil gas exchange for root respiration ( applications (Salch 1997). Howc\xr, L = i~~I-icul(ur-nl liclds gcr~-crally have less variable surfaces and less \Gution In mitt-otopograph)I~pt~~l than compared IO these forest sites that were bedded 20 yr previously. Rornker~s and \'Jang (1986) identified four scales of surface roughness: microrelief variations due to aggregates, surface variations due 10 cloddiness (random roughness), directional rotighness due to tillage implements (oriented roughness), and landscape variation. Random roughness is reported to be detectable on the centimeter scale, while oriented roughness exists on the meter scale (Zobeck and Onstad 1987). The scale of roughness detectable with a chain on a forest site may be that which is due to oriented roughness, or roughness due to ridges and clods formed during tillage, but it appears to lack the sensitivity to distinguish random roughness associated with harvesting disturbances.
Soil Disturbance Class and Dynamic Soil Properties
Analyses of variance shows that the dynamic site/soil variables (depth of subsurface water table, volumetric soil moisture, and soil strength as measured by mechanical resistance) were differentiated by certain soil disturbance classes (Table 2) .
We hypothesized that the volumetric soil water content would increase with compactIon and with lower aeration porosity. This was probably the case. but differences were not significant at the0.05 levclofprobabi!ity.Compaction(SDl) had no effect an the water table depth, but greater levels of disturbanceduetoruttingandchurning(SD2,SD3,andSD4) decreased saturated hydraulic conductivity to less than 1.2 cm/hr, which slowed subsurface water flow and drainageand resulted in l&s depth to water table. Soil strength doubled on compacted areas of dry-harvested plots, but decreased or stayed the same with disturbance on wet-harvested plots as volumetric water content increased. Soil strength is largely a function of volumetric water content. Disturbance increased bulk density and field-capacity wafer content of both dryand wet-harvested plots, but soils had higher strength only on compacted areas of dry-harvested plots. This may be a function of different compaction mechanisms ofdry VS. wet soils. Compaction of soils on dry-harvested plots followed typical compression, while a combination of compaction, puddling, and churning formed compacted soils of the wetharvested areas.
Conclusions
The soil disturbance classes used by Preston (1996) to describe harvest traffic effects on flatwoods sites are easily identified by most foresters and equipment operators and are easily related to machine performance. Soil compaction (SDl) is compression without soil flow that occurs when soil macropores are collapsed. Soil rutting (SD2 and SD3) occurs at higher volumetric moisture approaching the liquid limit when soil flows under pressure. The distinction between a shallow (co.2 m) and deep rut (>O.i m) is soil flow associated with distinctly different soil layers or horizons that have very different physical and mechanical properties. Churned soils (SD4) reflect nearly lotal coverage by deeply (>0.2 m) chur&d disturbance. These data show that easily discernible soil disturbance classes should not be thought of in terms of a disturbance severity gradient even though the soil disturbance classes appear to represent different disturbances. Spatial disturbance is not synonymous with damage. For example, compaction (SDI) is hardly discernible in some cases, but the SD 1 values for bulk density, macroporosity, and saturated hydraulic conductivity are nearly as great as that of deeply rutted (SD3) and churned soils (SD4), primarily because water filled pores are difficult to compact. On the other hand, compaction has little effect on water table increases, while shallow rutting increases the water table and dramatically restricts subsurface water flow. In soils with deep subsurface clay horizons, much deeper ruts and churning have little or no further effect on these hydrologic properties despite the fact that the spatial extent of their disturbance is much greater.
Therefore, as pointed out by Preston (1996), no generalization can be made about the severity of soil damage based on a gradient of spatial disturbance. Furthermore, no generalizations can be made about the relative usefulness of static versus dynamic soil properties as indicators of soil damage, except that static properties best define compaction effects and dynamic properties best define puddling effects. Even if soil roughness measurements were better correlated with spatial disturbance as defined by soil disturbanceclasses, it would be a poor indicator of soil damage because a numerical gradient of soil damage is not correlated with most static and dynamic soil properties associated with soil productivity and hydrologic function.
Soil and site damage from vehicular traffic is best judged by: ( I ) the effect of soil compaction on increased soil strength of dry to moist soils ( 10% to 50% Field Capacity), (2) the decrease in aeration porosity below 10% in soils that are repeatedly saturated during the growing season. and (3) the decrease in hydraulic conductivity of wet soils, or soils that are frequently saturated, to the extent that saturated hydraulic conductivity impedes normal soil drainage of poorly to somewhat poorly drained sites.
The results of this study show that compaction (SD I) is a good indicator of change in soil strength when soil moisture contents are low. Furthermore, any rutting, no matter how severe (SD2, SD3, SD4) is an indicator of possible hypoxia, or decreased soil aeration for biological respiration. Finally, any rutting or puddling could decrease soil drainage, increase mean annual water tables, and change soil productivity relationships and hydrologic function.
The five soil disturbance classes used to index disturbance regimes within the wet-and dry-harvested sites corresponded well to several of the static soil physical and the dynamic soil and site properties. Overall, these results -have several implications:
